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(54) Vapour deposition system and process 

(57) A successive vapor deposition system Inwiiicli 
a vapor deposition material Is tieated, vaporized In a 
vacuum, and deposited onto a vapor depasition area of 
a substrate, includes a conveyer (10, 11 ) wtiich conveys 
the substrate in a conveying direction parallel to a plane 
on wiiich the substrate lies, wherein the vapor deposi- 
tion area bees downward and is exposed through the 
underside of the conveyer: a plurality of vapor deposi- 
tion chambers (14, 15, 16) aligned in the conveying di- 



rection, each the vapor deposition chamber Including a 
space through wtiich the substrate is conveyed; at least 
one container (21) positioned in each of the plurality of 
vapor deposition chambers (14, 15, 16) beiowthe plane 
on which the substrate lies, and containing the vapor 1 5 
deposition material, wherein a width of the container 
covers the vapor deposition area in a direction perpen- 
dicularto the conveying direction; and a heating medium 
provided for the container. 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a successive 
vapor deposition system suitable for successive forma- 
tion of thin layers of different vapor deposition materials 
onto a substrate. The present invention also relates to 
a vapor deposition system and a vapor deposition proc- 

2. Description of the Related Art 

[0002] A typical organic electroluminescent device 
generally has a hole-transporting layer, a luminescent 
layer, an electron-transporting layer end an electrode 
layer wlilch are formed by vacuum deposition succes- 
sively on an ITO (Indium tin oxide) glass substrate. In 
conventional successive vapor deposition systems for 
forming such successive layers on the glass substrate, 
a piuraiity of vacuum deposition chambers (which in- 
clude a substratestockchamberand a preliminary treat- 
ment chamber) for evaporating different vapor deposi- 
tion materials onto the glass substrate are arranged ra- 

chamber, so that the glass substrate is successively 
transferred from one chamber to another among the plu- 
rality of vacuum deposition chambers via a robotic sys- 
tem of the central vacuum carrier robotic chamber to 
form thin layers of the different materials on the glass 
substrate. 

[0003] In such conventional successive vapor depo- 
sition systems, the substrate needs to be successively 
displaced from one chamber to another, among the plu- 
rality of vacuum deposition diambers, via the central 
vacuum canier robotic chamber, which Is a time-con- 
suming and inefficient operation. In addition, vapor dep- 
osition materials are consumed excessively because of 
the fundamental structure of the conventional systems 
in which vacuum deposition chambers are merely ar- 
ranged around the central vacuum carrier robotic cham- 
ber. Specifically, in such conventional successive vapor 
deposition systems, different vapor deposition materials 
and the substrate are respectively an-anged on lower 
and upper areas in a vacuum deposition chamber, and 
the different vapor deposition materials are heated to be 
vaporized (or sublimed) while the substrate is being ro- 
tated on its axis or revolved around the axis of the central 
vacuum carrier robotic chamber to form layers of the dif- 
ferent vapor deposition materials entirely on one side of 

However, an excessive consumption of the vapor dep- 
osition materials cannot be avoided because the even- 
ness of the layers Is ensured only by depositing a portion 
of vaporized molecules onto the substrate, the vapor- 
ized molecules of which are spread out widely upwards 



in all directions from crucibles or boats, each of which 
is approximately reganJed as a point source of evapo- 
ration. In other words, an excessive consumption of the 
vapor deposition materials cannot be avoided because 

5 most of the vaporized molecules are deposited onto in- 
ner walls of the vacuum deposition chambers; only a few 
percent of the vaporized molecules is deposited onto the 
substrate in practice. Some vapor deposition materials 
used in production of organic electroluminescent devic- 

10 es are extremely expensive, e.g., tens of thousands of 
yen per gram. Accordingly, an excessive consumption 
of the vapor deposition materials causes a substantial 
increase in the cost of production. 
[0004] In an organic electroluminescent device, a 

'6 host material and at least one dopant material are gen- 
erally co-deposited on the substrate at a specific ratio 
(e.g., a ratio of 100 to 1 , or a ratio of 1 00 to 0.5) in order 
to detemnine the luminescent color of an organic lumi- 
nescent layer. However, In conventional organic electro- 

20 luminescent devices, most of such different materials 
are wasted, and further. It becomes difficult to retain the 
specific ratio overtime. 

SUMMARY OF THE INVENTION 

[0005] The present invention is devised in view of the 
problems noted above, and accordingly provides a va- 
por deposition system which makes it possible to form 
layers of vapor deposition materials on a substrate suc- 
30 cessively with efficiency of time, and with a minimum 

[0006] The present invention also provides a vapor 
deposition system which makes it possible to co-deposit 
different vapor deposition materials onto a substrate to 
35 form layers of the different vapor deposition materials 
thereon at a specific ratio with a minimum fluctuation 
thereof. 

[0007] For example, in an aspect of the present inven- 
tion, a successive vapor deposition system is provided, 

«> In which at least one vapordeposltlon material Is heated, 
vaporized in a vacuum, and deposited onto an area to 
be deposited (hereinafter, a vapor deposition area) of a 
substrate. The successive vapor deposition system in- 
cludes a conveyerwhich conveys the substrate in a con- 

•»5 veying direction parallel to a horizontal plane on which 
the substrate lies; a plurality of vapor deposition cham- 
bers aligned in the conveying direction; at least one con- 
tainer positioned, in each of the plurality of vapor depo- 
sition chambers, below the horizontal plane on which 

the container. 

[0008] Ttie vapordeposltlon area of the substrate fac- 
es downward and is exposed through the underside of 
the conveyer. Each of the vapor deposition chambers 
55 includes a space through which the substrate is con- 
veyed in the conveying direction. The container contains 
the vapor deposition material, and the widtli thereof cov- 
ers the vapor deposition area In a direction perpendic- 
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ular to the conveying direction. 
[0009] A plurality of containers for containing ttie va- 
por deposition material can be positioned In at least one 
of the plurality of vapor deposition chambers. The top 
openings of the plurality of containers extend in a direc- 5 
Hon perpendicular to the conveying direction so that re- 
spective vaporized materials ascending from the plural- 
ity of containers are co-deposited onto a common area 
on the vapor deposition area of the substrate. 
[0010] At least one ofthe plurality of containers is ad- io 
justably tilted at a desired angle relative to another con- 
tainer in order to define the common area, 
[001 1] According to another aspect of the present in- 
vention, the vapor deposition system is provided with a 
single vapor deposition chamber In which at least one 
vapor deposition material Is heated, vaporized In a vac- 
uum, and deposited onto a vapor deposition area of a 

[0012] The conveyer conveys the substrate in a vapor 
deposition chamber In the conveying direction parallel 20 
to the horizontal plane on which the substrate lies, while 
the vapor deposition area faces downward and is ex- 
posed through the underside ofthe conveyer. The con- 
tainer is provided, In the vapor deposition chamber, be- 

contains the vapor deposition material. The width ofthe 
container covers the vapor deposition area in a direction 
perpendicular to the conveying direction. The heating 
medium is provided for the container for heating the va- 
por deposition material. 30 
[0013] As still another aspect ofthe present invention, 
the vapor deposition system can be used as an inde- 
pendent co-deposltlon system. In this aspect of the 
present invention, a plurality ofthe containers, which are 
provided In a vapor deposition chamber, are arranged 3S 
so that respective vaporized materials ascending from 
the plurality of containers are co-deposited onto a com- 
mon area on the vapor deposition area of the substrate. 
Moreover, at least one of the plurality of containers is 
adjustably tilted at a desired angle relative to another ■«' 

por deposition area of the substrate. 
[0014] In regard to the container, a depth of the con- 
tainer is determined so that the vapor deposition mate- 
rial to be vaporized which is contained therein can as- -fs 
cend in a direction of the depth of the container and to- 
ward the vapor deposition area ofthe substrate. Accord- 
ing to this arrangement, the vapor deposition material is 
vaporized on the vapor deposition area ofthe substrate 
by utilizing directivity of molecules of the vapor deposi- so 
tion material due to the so-called chimney effect; how- 
ever, it is understood, in the prior art, that a container (a 
crucible) for containing a vapor deposition material de- 
signed to have the chimney effect Is not preferable, 
when attempting to achieve an even-layer terming on 55 
the vapor deposition area. 

[0015] Furthermore, as long as the container Is de- 
signed to cover the whole vapor deposition area in a di- 



rection perpendicular to the conveying direction, any 
type of container, such as single-type container or a sep- 
arate-type container, can be utilized. 
[0016] In the case where a single-type container Is 
employed, a container having the shape of a rectangular 
box elongated In a direction perpendicular to the con- 
veying direction is preferable. In other words, the cruci- 
ble, which is formed as explained, can cover the vapor 
deposition area in the direction perpendiculartothe con- 
veying direction with the minimum length ofthe crucible, 
[0017] Furthermore, it is preferable that the inner 
space ofthe crucible be partitioned by a plurality of par- 
titions in order to heat the vapor deposition material uni- 
formly. More specifically, the partition extend parallel to 
each other In a direction oblique to the conveying direc- 
tion so that a layer of the vapor deposition material is 
fbmned uniformly on the vapor deposition area. On the 
other hand, if the partitions extend parallel to the con- 
veying direction, the density of molecules of the vapor 
deposition material just above the partitions becomes 
sparse due to the chimney effect, even under the con- 
ditron that the heatcan be uniformly applied to the vapor 
deposition material. It Is understood that a plurality of 
partitions is equivalent to plural containers arranged in 
a direction perpendicular to the conveying direction, and 
that a container in which the vapor deposition material 
is provided can be separated into plural containers. 
[0018] As a further aspect, the present invention can 
be applied to a vapor deposition process in which at 
least one vapor deposition material is heated, vaporized 
In a vacuum, and deposited onto a vapor deposition ar- 
ea of a substrate. The vapor deposition process com- 
prising the following steps of: 

conveying the substrate into an Inner space of at 
least one vapor deposition chamber in a conveying 
direction parallel to a horizontal plane on which the 
substrate lies, while the vapor deposition area^ces 
downward and Is exposed via an opening In the un- 
derside of the conveyer; 

positioning the substrate, in the inner space ofthe 
vapor deposition chamber, above at least one con- 
tainerwhich contains the vapor deposition material. 
Is positioned in the inner space of the vapor depo- 
sition chamber, and the width of which covers the 
vapor deposition area in a direction perpendicular 
to the conveying direction; and 
heating the container to evaporate the vapor depo- 
sition material onto the vapor deposition area. 

[0019] In the vapor deposition process described 
above, a plurality of vapor deposition chambers can be 
provided In the conveying direction along which a sub- 
strate to be deposited is conveyed. A container Is posi- 
tioned in each of the vapor deposition chambers, and 
the heating can be performed In each ofthe vapor dep- 
osition chambers In order to vaporize the vapor deposi- 
tion material contained therein. 
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[0020] In the vapor deposition process described 
above, a plurality of the containers can be provided in a 
vapor deposition chamber. In each of the containers, dif- 
ferent vapor deposition materials are provided therein. 
Each of the containers is independently heated so that 
the different vapor deposition materials can be vapor- 

[0021] The vapor deposition materials used in the 
successive vapor deposition system, the vapor deposi- 
tion system or the vapor deposition process according 
to the present invention can be any vapor deposition 
materials as long as they can be vaporized via the ap- 
plication of heat Such vapor deposition materials can 
be, e.g., any isnown functional organic-thin-layer form- 
ing material used for the formation of layers of an orga n- 
ic electroluminescent device, an organic solar battery or 
an organic FET (fleW effect transistor). Such vapor dep- 
osition materials can also be, e.g., a metal, or any known 
inorganic compound material such as oxide, nitride, car- 
bide or halogsnide. Typical organic materials of the lu- : 
minescent layer or the electron-transporting layer of the 
organic electroluminescent device include tris(8-hy- 
droxyquinoline) aluminum complex compound (com- 
monly called "Alq3"). Typical organic materials of the 
hole-transporting layer of the organic electrolumines- 2 
cent device include arylamine compounds such as N, 
N'-dlphenyl-N,N'-bis(3-methylphenyl)-1,1'-diphenyl- 
4,4'-diamine (commonly called "TPD"). 
[0022] On the other hand, typical inorganic materials 
used for the organic electroluminescent device include 3 
inorganic compound materials such as metal halide, 
and also Include aluminum, magnesium and silver that 
are mainly used as materials for an electrode. It should 
be noted that the present invention does not concern 
the vapordeposltlon materials, accordingly, other exam- -3 
pies of organic or Inorganic materials used for the for- 
mation of layers of the organic electroluminescent de- 
vice are not herein disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 4 



a general side view of an embodiment 
' /e vapor deposition system according 

to the present invention; 

Figure 2 Is a perspective view of a fundamental por- 
tion of the successive vapor deposition system 
shown In figure 1; 

Figure 3 is a partial cross-section of a fundamental 
portion of a transfer system for the transfer of sub- 
Figures 4A. 4B and 4C are plan views of examples ■ 
of a crucible provided in the successive vapor dep- 
osition system shown in figure 1 , showing examples 
of the structure of partitions fbmied therein; 



Figure 5 is a perspective view of the crucible shown 
in figure 4A; 

Figure 6 is a ck>ss sectional view of the ciucible 
shown in figure 4A, taken along Vl-Vl line in figure 

Figure 7 is a longitudinal cross sectional view of the 



[0024] Figure 1 shows an embodiment of a succes- 
sive vapor deposition system according to the present 
invention. The successive vapordeposltlon system 1 is 
provided with a plurality of substrate holders 10 and a 
plurality of conveying rollers 11 which conveys the sub- 
strate holders 1 0 from right to left as viewed in figure 1 . 
The plurality of substrate holders 10 and the plurality of 
conveying rollers 11 constitute a conveyer. The plurality 
of conveying rollers 11 are driven by a motor (not 
shown). The successive vapor deposition system 1 Is 
provided. In a conveying direction of the substrate hold- 
ers 10 (the horizontal-leftward direction as viewed In fig- 
ure 1; hereinafter referred to as "conveying direction"), 
with a preparation stage 12, a preliminary vacuum 
chamber 13, a first vapordeposltlon chamber 14, a sec- 
ond vapor deposition chamber (co-deposition chamber) 
15, a third vapor deposition chamber 16, a preliminary 
ejection chambef'l? and an ejection stage 18, in this 
order from right to left as viewed in figu re 1 . Each of the 
chambers 13 through 17 includes a space (conveyance 
space) through which the substrate holders 1 0 are con- 
veyed in the conveying direction, and is partitioned so 
that vacuum in the chamber can be controlled via a cor- 
responding gate 19 independently of the other cham- 
bers. Namely, the successive vapor deposition system 
1 Is provided for each of the chambers 13 through 17 
with a vacuum pump P so that the degree of vacuum In 
each of the chambers 13 through 17 can be controlled 
with the associated vacuum pump P. Each gate 19 can 
be controlled to open only during the conveyance of one 
substrate holder 10 from the previous chamber (or 
stage) to the subsequent chamber (or stage) in the con- 
veying direction. Altennatively, each gate 19 can remain 
opened at all times if the substrates (not shown in figure 
1) held by the substrate holders 10 are successively 
conveyed thereby for mass production. Conventional 
techniques are used for the formation and the operation 
of each of the chambers 13 through 17, The successive 
vapor deposition system 1 is preferably provided in a 

[0025] As shown in Figures 2 and 3, each substrate 
holder 10 is provided, at a center thereof wiith a rectan- 
gular opening 1 0a, and Is Hirther provided, on an bottom 
surface theraof , with a pair of V-grooves 1 0b which ex- 
tend parallel to each other In the conveying direction. As 
shown in figure 3, a glass substrate 20 Is mounted on 
each substrate holder 1 0 with an area 20a to be vapor- 
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deposited (hereinafter, an vapor-deposition area) 20a of 
the glass substrate 20 being open (exposed) to the un- 
derside of the substrate holder 10 via the opening 10a. 
The vapor deposition area 20a is defined by the opening 
1 0a as a rectangular area having a length X in the con- s 
veying direction and a width Y in a direction perpendic- 
ular to the conveying direction. Although one glass sub- 
strate 20 is mounted on one substrate holder 1 0 in the 
illustrated embodiment, more than one glass substrate 

cordance with the size of the glass substrate 20. 
[0026] Accordingly, when the conveying rollers 11 are 
driven, the glass substrate 20, in which the vapor dep- 
osition area 20a is exposed to the underside of the as- 
sociated substrate holder 1 0 via the opening 1 0a there- is 
of, is conveyed from the preparation stage 12 to the 
ejection stage 1 8 in sequence via the Intervening cham- 
bers 13, 14, 15, 16 and 17. 

[0027] If the size of the vapor deposition area 20a 
needs to be defined by a shadow mask (not shown), the 20 
shadow mask can be integrated with the substtate hold- 
er 10. 

[0028] In the illustrated embodiment shown in Figure 
1 , the successive vapor deposition system 1 is provided , 
in each of the first and third deposition chambers 14 and 25 
1 6 below a horizontal plane on which the substrate hold- 
ers 1 0 lie, with a container (crucible) 21 . The successive 
vapor deposition system 1 is provided, in the second va- 
por deposition chamber (co-deposition chamber) 15, 
with three crucibles 21 (21 A, 21B and 21C). These five 30 
crucibles 21 have basically the same structure, and 
each crucible 21 is in the shape of a rectangular box 
elongated in a direction perpendicular to the conveying 
direction. Forming the crucible 21 as explained Is ad- 
vantageous, since the vapor deposition area 20a can 3S 
be covered by the minimum length (width) of the cmcible 
21 in the direction perpendicular to the conveying direo- 
tlon. In other words, as long as a crucible 21 Is designed 
to have the above advantage, other fedors of a crucible 
21, such as the shape and orientation thereof, have « 

[0029] Each crucible 21 is designed so that an inner 
length 21 Y (see figures 2, 4A and 6) thereof in a direction 
perpendicular to the conveying direction is slightly great- 
er than the width Y of the vapor deposition area 20a. 45 
Namely, the inner length 21 Y is determined so that the 
crucible 21 fully covers the vapor deposition area 20a 
(the width Y) in a direction perpendicular to the convey- 
ing direction. 

[DD30] In addition, a depth 21Z (see figures 6 and 7) 50 
of each crucible 21 Is determined so that the vapor dep- 
osition material 22 contained in the crucible 21 to be va- 
porized by the application of heat can ascend in a direc- 
tion of the depth 21Z within the crucible 21 (toward the 
vapor deposition area 20a) efficiently. In other words, ss 
this arrangement is to obtain the chimney effect on the 
vaporized material 22. Likewise, in order to obtain the 
chimney effect, the amount of the vapor deposition ma- 



terial 22 contained in the crucible 21 is set at a small 
amount. An inner wklth 21X of each cmcible 21 is pref- 
erably determined to be smaller than each of the inner 
length 21 Y and the depth 21Z so that the layer formed 
on the vapor deposition area 20a does not become un- 

[0031] The inner space of each crucible 21 is parti- 
tioned by a plurality of partitions 21 P. Figures 4A, 4B 
and 4C show different examples of the way to partition 
the inner space of each crucible 21 . The partitions 21 P 
are formed in each crucible 21 for the purpose of apply- 
ing heat to the vapor deposition material 22 in the cru- 
cible 21 uniformly to thereby vaporize the vapor depo- 
sition material 22 uniformly The partitions 21 P extend 
parallel to one another but do not extend parallel to the 
conveying direction. Namely, the partitions 21 P extend 
parallel to one another in a direction oblique to the con- 
veying direction. This oblique arrangement of the parti- 
tions 21 P Is advantageous to form a layer of the vapor 
deposition material uniformly on the vapor deposition ar- 
ea 20a because each point on the vapor deposition area 
20a can passes over at least one partition of each cru- 
cible 21 so that the vaporized material ascending there- 
from can reliably be deposited onto the vapor deposition 
area 20a. Hence, the angle of inclination of the partitions 
21 P and the spacing therebetween are determined so 
that a layer of the vapor deposition material is formed 
uniformly Each crucible 21 , together with the partitions 
21 P thereof, is preferably made of a high thermal con- 
ductive material (e.g., a material having a thermal con- 
ductivity of at least 1W/m-K) such as carbon. 
[0032] The vapor deposition material 22 contained in 
each crucible 21 is precisely weighed to be distributed 
equally among the partitions in each crucible 21 . If the 
vapor deposition material 22 Is not distributed equally 
among the partitions in each crucible 21 , the density of 
molecules of the vapor deposition material vaporized 
from each partition becomes uneven with time even if 
the temperature distribution of the vaporized vapor dep- 
osition material 22 is even In a direction perpendfcular 
to the conveying direction, i.e., in the direction of the in- 
ner length 21 Y. TATs makes it difficult to ensure the even- 
ness of the layer of the vapor deposition material over 
the whole vapor deposition area 20a. 
[0033] As shown in Figures 2 and 7, the successive 
vapor deposition system 1 1s provided, around each cru- 
cible 21, with some filaments (heating wires) 23 serving 
as a heating medium. The temperature of each crucible 
2 1 can be controlled by adjusting the electric current ap- 
plied to the filaments 23. 

[0034] Each of the two crucibles 21 provided in the 
first and third vapor deposition chambers 14 and 16 is 
fixed to a pair of stationary vertical plates 24 to be held 
vertically therebetween. Specifically, If a central plane 
of each crucible 21 is defined as a plane which passes 
through the center of the Inner width 21X of the crucible 
21 in a direction of the depth 21 Z, each of the two cnj- 
clbles 21 is fixed to the associated pair of vertical plates 
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24 so that the central plane extends in a direction per- 
pendicular to the vapor deposition areas 20a of the glass 
substrates 20, which are conveyed in a horizontal direc- 
tion. On the other hand, regarding the remaining three 
crucibles 21 (21 A, 21 B and 21 C) provided in the second 
vapor deposition chamber (co-deposition chamber) 15, 
the respective rectangulartop openings of the three cru- 
cibles 21 (21 A, 21 B and 21C) extend in a direction per- 
pendicular to the conveying direction so that the respec- 
tive vaporized materials ascending from the three cru- 
cibles 21 (21A, 21B and 21C) are co-deposited onto a 
common area on the vapor deposition area 20a of each 
glass substrate 20. In particular, the central crucible 21 B 
Is fixed to a pair of stationary vertical plates 24 (24B) to 
be held vertically therebetween in a manner similar to 
that of each of the two crucibles 21 provided in the first 
and third vapor deposition chambers 14 and 16, while 
each of the other two cnjcibles 21 (21 A and 21 C) is ro- 
tatably held between a pair of stationary vertical plates 
24 (24A or 24C) about a shaft 25 which extends in a 
direction perpendicular to the conveying direction, so 
that the angle of inclination of each of the two crucibles 
21A and 21C relative to the central crucible 218 is ad- 
justable about the shaft 25. One of the pair of stationary 
vertical plates 24A which supports the cnjcible 21A is 
provided with a circular arc slot 26 which extends about 
the associated shaft 25, and the cnjcible 21 A is provided 
with a set screw 27 which passes through the circular 
arc slot 26 to be screwed Into the crucible 21A (see fig- 
ures 1 and 7). Likewise, oneofthepairof stationary ver- 
tical plates 240 that supports the crucible 21 C is provid- 
ed with a circular arc slot 26 which extends about the 
associated shaft 25, while the crucible 210 is provided 
with a set screw 27 which passes through the circular 
arc slot 26 to be screwed into the crucible 21 0 (see fig- 
ures 1 and 7). Accordingly, such angle-adjusting struc- 
tures of the two cmcibles 21A and 210 make It possible 
to co-deposit the respective vaporized materials as- 
cending from the three crucibles 21 (21 A, 21 B and 21 0) 
onto a common area on the vapor deposition area 20a 
of each glass substrate 20. In practice, the respective 
angles of the two cnjcibles 21 A and 210 relative to the 
central crucible 21B are preferably adjusted so that the 
central plane of each of the two cmcibles 21 A and 210 
Intersects the central plane of the central crucible 21 B 
at a straight line on the vapor deposition area 20a of a 
given glass substrate 20. The Ideal angles of the two 
cmcibles 21A and 210 relative to the central crucible 
21 B can be easily determined by experimentation. 
[0035] As shown in Figure 7, the successive vapor 
deposition system 1 Is provided, at the top of each cru- 
cible 21, with a double-doored shutter 28 for opening 
and dosing the open top of the crucible 21 , and/or is 
provided, around each cmcible 21 , with a water-cooled 
jacket 29 (both the double-door shutter 28 and the wa- 
ter-cooled jacket 29 are shown in figure 7). Ttie double- 
doored shutter 28 is provided with a pair of shutter 
plates, each pivoted at a corresponding pivot 28a to 



open and close the open top of the crucible 21 . For In- 
stance, the double-doored shutter 28 opens at the time 
the temperature of the associated crucible 21 (the vapor 
deposition material 22) reaches a predetennnined tem- 
5 perature, and at the same time when a glass substrate 
20 is being conveyed to be positioned above the asso- 
ciated crucible 21 ; and the shutter 28 closes at all other 
times. The water-cooled jacket 29 Is provided with a 
panel 29a which surrounds the cmcible 21 with a pre- 
<» determined gap between the panel 29a and the crucible 
21 , and Is further provided, on an inner surface of the 
panel 29a, with a cooling tube 29b In which cooling water 
travels to minimize the effect of the radiation of heat from 
the crucible 21 on peripheral devices of the system 1 
1S when the temperature of the cmcible 21 rises. The wa- 
ter-cooled jacket 29 can be used together with the fila- 
ments 23 to serve as a temperature controller for con- 
trolling the temperature of the associated crucible 21 
(the vapor deposition material 22). A fllm-f hickness de- 
al taction monitorand a controllertherefor, which are avail- 
able on the market, can be provided on an upper end of 
eadi crucible 21 so as not to overlap the vapor deposi- 
tion area 20a of the glass substrate 20 positioned above 
the cmcible 21. Due to this arrangement, the value of 
25 the electric cun-ent applied to the filaments 23 can be 
controlled by the film-thickness detection monitor and 
the controller therefor, so that a desired accumulation 
speed is obtained by monitoring the accumulation 
speed during the process of evaporation of the vapor 
30 deposition material onto the vapor deposition area 20a. 
[0036] The successive vapor deposition system 1 that 
has the above described stmcture can be used as a sys- 
tem fbr manufacturing red-light-emitting organic electro- 
luminescent devices In the following manner: 

ITO glass substrates, on which a transparent elec- 
trode (ITO serving as an anode) has been formed 
in advance, are used as the glass substrates 20; 
TPD which serves as a material of a hole-transport- 
^0 ing layer of the organic electroluminescent device 
is provided in the cmcible 21 in the first vapor dep- 
osition chamber 14; 

Alq3 which serves as a host material of a lumines- 
cent layer is provided in the central crucible 21 B in 

"IS the second vapor deposition chamber 1 5; 

Rubrene which serves as a dopant material for yel- 
low is provided In the cmcible 21A In the second 
vapor deposition chamber 15; and 
DCM2 which serves as a dopant material for red is 

50 provided in the cmcible 210 in the second vapor 
deposition chamber 15. 

[0037] In this particular case, for the purpose of mak- 
ing DCM2 which serves as a red-light emission material 
55 emit light efficiently, mbrene Is used to serve as an aux- 
iliary dopant material for transferring excitation energy 
generated from Alqj, which sen/es as host material, to 
D0M2 smoottily. At this time, the temperatures of the 



crucibles 21A, 21 B and 21C in the second vapor depo- 
sition chamber (co-deposition ctiamber) 15 are control- 
led independently of eacli otiier so tliat tiie aforemen- 
tioned rubrene, Alq3 and DCM2 wiiich are respectively 
contained in the crucibles 21 A, 21 Band 21 Care vapor- s 
ized to be co-deposited onto the vapor deposition area 
20a of each glass substrate 20 atadesired mixture ratio, 
Alq3 which serves as a material of an electron transport- 
ing layer is provided in the crucible 21 in the third vapor 
deposition chamber 16. io 
[0038] After such vapor deposition materials have 
been contained in the five crucibles 21 , layer-forming 
operations (vapor deposition operations) are performed 
in the following manner. 

[0039] First of all, each of the preliminary vacuum 1S 
chamber 13, the first through third vapor deposition 
chambers 14, 15 and 16, and the preliminary ejection 
chamber 17 Is exhausted to a predetermined degree of 
vacuum, and the respective crucible Is heated to a pre- 
detennlned temperature in advance. In this state, each 2t> 
of the glass substrates 20 mounted on the substrate 
holders 1 0 Is firstly brought Into the first vapor deposition 
chamber 14 so that the vaporized material (TPD) as- 
cending therefrom is deposited onto the vapor deposi- 
tion area 20a to form a hole-transporting layer thereon. 25 

the hole-transporting layer has been formed is brought 
Into the second vapor deposition chamber (co-deposi- 
tion chamber) 15 so that the three vaporized materials 
(rubrene, Alqj and DCM2) ascending therefrom are co- 30 
deposited onto the vapor deposition area 20a to form a 
luminescent layer on the hole- transporting layer. The 
ratio (co-deposition ratio) of the accumulation speed of 
the vapor deposition material from the crucible 21A, to 
the accumulation speed of the vapor deposition material 35 
from the crucible 21 B, and to the accumulation speed 
of the vapor deposition material from the crucible 21C 
can be precisely controlled by controlling the heating 
temperatures of the crucibles 21A, 21B and 21Cso that 
the accumulation speed of the vapor deposition material •«o 
from each of the cmcibles 21A, 218 and 21C which is 
monitored by the associated film thickness detection 
monitor becomes a desired speed. 
[0041] Furthermore, the glass substrate 20 on which 
the luminescent layer has been formed is brought into ''s 
the third vapor deposition chamber 1 6 so that the vapor- 
ized material (Alqj) ascending therefrom is deposited 
onto the vapor deposition area 20a to form an electron- 
transporting layer thereon. If other layers such as an 
electrode layer serving as a cathode needs to be formed so 
on each glass substrate 20, the successive vapor dep- 
osition system 1 only needs to add one or more addi- 
tional vapor deposition chambers 
[0042] In the present embodiment of the successive 
vapor deposition system 1 in which thin layers of differ- 55 
ent vapor deposition materials are co-deposited onto 
each glass substrate 20 uniformly as the glass sub- 
strates 20 are conveyed linearly, the control of the layer 



605 A1 12 

thickness can be achieved by controlling the accumula- 
tion speeds detected by the aforementioned film thick- 
ness detection monitor and also the conveying speed of 
the glass substrates 20. In this case, the layer thickness 
can be controlled by moving the glass substrates 20 
back and forth Intentionally so that the glass su bstrates 
20 reciprocate above the crucibles 21 and by adjusting 
the numberof the reciprocating motions and the moving 
speed of the glass substrates 20. This control can be 
combined v^ith the layerthickness control using the dou- 
ble-doored shutter 28, which is provided at the top of the 
crucibles 21. 

[0043] Unlike a conventional successive vapor depo- 
sition system in which substrates are successively 
transferred from one chamber to another among a plu- 
rality of vacuum deposition chambers via a robotic sys- 
tem of a central vacuum can-ier robotic chamber posi- 
tioned at the center of the plurality of vacuum deposition 
chambers, the above-described layer forming process 
has the following features: 

(1 ) layers of vapor deposition materials can be suc- 
cessively formed onto the vapor deposition area 
20a of each glass substrate 20 as the glass plates 
20 are conveyed in the conveying direction; 

(2) a layer of each vapordeposition material can be 
formed on a large vapordeposition area easily be- 
cause each entire layer can be formed on the vapor 
deposition area 20a of each glass substrate 20 at 
the same time in the direction of the width Y (see 
figure 2) of the vapor deposition area 20a; 

(3) different vapor deposition materials can be va- 
porized to be co-deposited entirely onto the vapor 
deposition area 20a of each glass substrate 20 to 
form a layer of the different vapor deposition mate- 
rials at a given precise ratio (co-deposition ratio); 

(4) a layer of each vapor deposition material can be 
fomied on the vapor deposition area 20a of each 
glass substrate 20 with minimum waste of the vapor 

deposition materials. 

[0044] Although the above illustrated embodiment of 
the successive vapor deposition system is provided with 
a plurality of vapor deposition chambers (1 4, 1 5 and 1 6), 
it is possible to provide a vapor deposition system in- 
cluding only one vapor deposition chamber correspond- 
ing to one of the first and third vapor deposition cham- 
bers 14 and 1 B. According to this vapor deposition sys- 
tem, a vapordeposition material can be deposited onto 
the vapor deposition area 20a of each glass substrate 
20 with minimum waste of the vapor deposition material. 
It/loreover, it is possible to provide a vapor depositkin 
system Including only one vapor deposition chamber 
con^ponding to the second vapor deposition chamber 
(co-deposltlon chamber) 15. According to this vapor 
deposition system, different vapor deposition materials 
can be co-deposited onto the vapordeposition area 20a 
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of each glass substrate 20 with minimum waste of the 
vapor deposition materials while the co-deposition ratio 
can be controlled precisely. 

[0045] In the above illustrated embodiment of the suc- 
cessive vapor deposition system, a process of deposit- 
ing different organic substances onto an ITO glass sub- 
strate to form the hole-transporting layer, a luminescent 
layer and the electron-transporting layer successively 
on the ITO glass substrate has been discussed. A cath- 
ode layer needs to be formed on the electron-transport- 
ing layer to provide an organic electroluminescent de- 
vice as a completed product. Since a vapor deposition 
area of the glass substrate onto which a material of the 
cathode layer is deposited is not identical to that onto 
which the organic substances of the hole-transporting : 
layer, the luminescent layer, and the electron-transport- 
ing layer are deposited, it is generally the case that a 
vapor deposition area of the glass substrate on which 
the organic substances are deposited is defined by a 
shadow mask (or a member having both a fijnctlon of a ' 
shadow mask and also a function of a substrate holder 
on which the glass substrate is mounted). A mechanism 
for placing, removing, replacing and/or positioning such 
a shadow mask or dual-function member is known in the 
art, and is not related to the purpose of the present in- ' 
ventlon. Accordingly, a process of forming the cathode 
layer on the electron- transporting layer is not herein dis- 
cussed. The cathode layer can be formed on the elec- 
tron-transporting layer in a manner similar to the above 
described manner of forming another layer on the glass i 
substrate after a vapor deposition area of the glass sub- 
strate, onto which a material of the cathode layer is de- 
posited, is defined. Although the inner space of each 
cmcible 21 Is partitioned by the plurality of partitions 21 P 
which extend in a direction oblique to the conveying di- s 
rection, the present invention is not limited solely to tliis 
particular arrangement. Namely, the plurality of cruci- 
bles can be an-anged in a direction perpendicular to the 
conveying direction. 

[0046] As can be understood from the foregoing, ao- < 
cording to the present invention, a vapor deposition sys- 
tem which makes it possible to form layers of vapor dep- 
osition materials on a substrate successively with effi- 
ciency and with minimum waste of the vapor deposition 
materials is achieved. Moreover, a vapordeposition sys- i 
tem which makes it possible to form a layer of a vapor 
deposition material on a substrate with minimum waste 
of the vapor deposition material is achieved. Further- 
more, a vapor deposition system which makes it possi- 
ble to co-deposit aifferent vapor deposition materials on- 5 
to a substrate to form layers of different vapordeposition 
materials thereon at a specific ratio with minimum waste 
of the vapor deposition materials is achieved. 
[0047] Obvious changes may be made in the specific 
embodiment of the present invention described herein, 5 
such modifications being within the spirit and scope of 

tained herein is illustrative and does not limit the scope 



of the present invention. 



'e vapor deposition system in which at 
least one vapor deposition material is heated, va- 
porized in a vacuum, and deposited onto a vapor 
deposition area of a substrate, said successive va- 
por deposition system comprising: 

a conveyer which conveys said substrate in a 
conveying direction parallel to a horizontal 
plane on which said substrate lies, wherein said 
vapor deposition area faces downward and is 
exposed through the underside of said convey- 

a plurality of vapor deposition chambers 
aligned in said conveying direction, wherein 
each of said vapor deposition chambers com- 
prises a space through which said substrate is 
conveyed in said conveying direction; 
at least one container positioned, in each of 
said plurality of vapordeposition chambers, be- 
low said horizontal plane on which said sub- 
strate lies, and containing said vapor deposi- 
tion material, wherein a width of said container 



perpendicular to said conveying direction; and 
a heating medium provided for said at least one 
container for heating said vapor deposition ma- 



2. The successive vapor deposition system according 
to claim 1, wherein at least one of said plurality of 
vapor deposition chambers are provided with said 
at least two containers provided therein, and where- 
in respective top openings of said plurality of con- 
tainers extend in a direction perpendicular to said 
conveying direction so that respective vaporized 



ordeposition system according 
to claim 2, wherein at least one of said plurality of 
containers is adjustably tilted at a desired angle rel- 
ative to other containers in order to define said com- 



por deposition material to be vaporized which Is 
contained in said container ascends in a direction 
of said depth through said container and toward 
said vapor deposition area of said substrate. 
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. The successive vapor deposition system according on said vapor deposition area of said substrate, 
to any one of claims 1 to 4, wlierein said at ieast 

one container comprises a plurality of partitions 12. The vapor deposition system according to claim 11, 

which partition an inner space of said at least one wherein at least one of said plurality of containers 

container. 5 is adjustably tilted at a desired angle relative to oth- 



6. The successive vapor deposition system according 

to daim 5, wherein said plurality of partitions extend 13. The vapor deposition system according to any one 
parallel to each other in a direction oblique to said of claims 10 to 12, wherein a depth of said container 

conveying direction. io is determined so that said vapor deposition material 

to be vaporized which is contained in said container 

7. The successive vapor deposition system according ascends in a direction of said depth through said 
to any one of claims 1 to 6, wherein said vapor dep- container and toward said vapor deposition area of 
osition material comprises at least one of an organic said substrate. 

substance, a metal, and an inorganic compound. <5 

14. The vapor deposition system according to claim 10, 

8. The successive vapor deposition system according wherein said container comprises a plurality of par- 
to claim 7, wherein said successive vapor deposi- titions which partition an inner space of said con- 
tion system is used to form at least one layer of an talner. 

organic electroluminescent device. 20 

15. The vapor deposition system according to claim 14, 

9. The vapor deposition system according to any one wherein said plurality of partitions extend parallel to 
of claims 1 to 8, wherein said conveyer comprises each other in a direction oblique to said conveying 
at least one substrate holder on which said sub- direction. 

strate is mounted, and wherein an opening is 25 

formed on said substrate holder so that said vapor 16. The vapor deposition system according to anye one 
deposition area is exposed through the underside of claims 10 to 15, wherein said vapor deposition 

of said substrate holder via said opening. material comprises at least one of an organic sub- 

stance, a metal and an inorganic compound. 

17. The vapor deposition system according to any one 
of claims 10 to 16, wherein said vapor deposition 
system Is used to form at least one layer of an or- 
comprising: ganic electroluminescent device. 

a conveyer which conveys said substrate in a 18. The vapor deposition system according to any one 
vapordepositionchamberinaconveyingdirao- of claims 10 to 17, wherein said conveyer comprls- 
tlon parallel to a horizontal plane on which said es at least one substrate holder on which said sub- 
substrate lies, wherein said vapor deposition strate Is mounted, and wherein an opening Is 
area faces downward and Is exposed through 40 formed on said substrate holder so that said vapor 
the underside of said conveyer; deposition area is exposed through the underside 
at least one container positioned, in said vapor of said substrate holder via said opening, 
deposition chamber, below said horizontal 

plane on which said substrate lies, and contain- 19. A vapor deposition process in which at least one 

ing said vapor deposition material, wherein a 4S vapor deposition material Is heated, vaporized in a 

width of said container covers said vapor dep- vacuum, and deposited onto a vapor deposition ar- 

osition area in a direction perpendicular to said ea of a substrate, said vapor deposition process 

conveying direction; and comprising: 
a heating medium provided for said container 

for heating said vapor deposition material. so conveying said substrate into an inner space of 
at least one vapor deposition chamber in a con- 

11. ThavapordepositionsystemaccordingtoclalmlO, veying direction parallel to a horizontal plane 

wherein said at least two containers are provided, on which said substrate lies, wherein said vapor 

and wherein respective top openings of said plural- deposition area faces downward and Is ex- 

ity of containers extend in a direction perpendicular ss posed via an opening In the underside of said 

to said conveying direction so that respective va- conveyer; 

porized materials ascending from said plurality of positioning said substrate, in said Inner space 

containers are co-deposited onto a common area of said vapor deposition chamber, above at 
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least one container positioned in said inner 
space of said vapor deposition chamljer, said 
container containing said vapor deposition ma- 
terial, wherein a width of said container covers 
said vapor deposition area In a direction per- s 
pendlcularto said conveying direction; and 
heating said container to evaporate said vapor 
deposition material onto said vapor deposition 



20. The vapor deposition process according to claim 
19, wherein said at least two vapor deposition 
chambers are aligned In said conveying direction, 
said container being positioned in each of said plu- 
rality of vapor deposition chambers; and w^herein 15 
said heating is performed in each of said containers 

so that said vapor deposition material is vaporized 
to be co-deposited on said vapor deposition area of 
said substrate. 

21. The vapor deposition process according to claim 
1 9, wherein said at least one vapor deposition ma- 
terial, comprises a plurality of different vapor depo- 
sition materials; 

wherein said at least two containers, which re- 2S 
spectlvely contain said plurality of different vapor 
deposition materials, are provided, and said plural- 
ity of containers are positioned in one of said plu- 
rality of vapor deposition chambers; and 

wherein each of said plurality of containers is 30 
heated so that said plurality of different vapor dep- 
osition materials are vaporized to be co-deposited 
onto a common area on said vapor deposition area 
of said substrate. 

22. The vapor deposition process according to any one 
of claims 19 to 21, wherein said vapor deposition 
process is perfomned so as to form at least one layer 
of an organic electroluminescent device. 
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Fig. 7 
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